Introduction
P ancreaticoduodenectomy (PD) remains the only curative option for resectable pancreatic head, ampullary, duodenal, and distal common bile duct tumors. Despite improvements in postoperative care and advancements in surgical techniques, morbidity related to this operation remains very high. According to recent report by Tremblay St-Germain et al. up to 74% of patients suffer from at least one complication related to this complex surgical procedure. [1] Leakage of pancreatic enzymes leading to either formation Pancreatic fistula is one of the most feared complications after pancreaticoduodenectomy (PD). Results of randomized controlled trials comparing pancreaticogastric anastomosis with pancreaticojejunal anastomosis are not consistent. Furthermore, soft texture of pancreas is an established risk factor for postoperative pancreatic fistula (POPF). There has been no meta-analysis to date to compare pancreaticogastrostomy versus pancreaticojejunostomy in patients with intraoperative soft texture of pancreas. Hence, our primary objective was to determine the role of pancreaticogastrostomy compared to pancreaticojejunostomy after PD in prevention of POPF, especially in patients with soft pancreatic texture. We conducted meta-analysis of randomized controlled trials that had compared pancreaticojejunal anastomosis with pancreaticogastric anastomosis after PD, and pancreatic fistula was among the outcome variables. Ten randomized controlled trials were included in the meta-analysis which comprised of a total of 1629 patients, of which 803 underwent pancreaticojejunostomy, whereas 826 were in the pancreaticogastrostomy group. There was no difference in clinically relevant POPF (CR-POPF) rate in pancreaticojejunostomy versus pancreaticogastrostomy (19.8% vs. 12.8%, P = 0.09) group. POPF rate in patients with soft pancreas was significantly more in pancreaticojejunostomy group as compared to pancreaticogastrostomy group (25.4% vs. 17.3%, odds ratio = 1.71, 95% confidence interval = 1.15-2.53, P = 0.008). Although there is no difference in pancreaticogastrostomy as compared to pancreaticojejunostomy after PD to prevent CR POPF, in a subgroup of high-risk patients with soft pancreatic texture pancreaticogastrostomy has favorable results.
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reporting of POPF to allow comparison across studies, international study group on pancreatic fistula (ISGPF) in 2005 agreed upon an objective and internationally acceptable definition. [4] According to this definition, POPF was labeled if there was drain output of any measurable volume of fluid on or after postoperative day 3 with amylase content >3 times the serum amylase activity. It was further categorized into three grades (Grades A, B, and C) according to clinical impact on patient's hospital course. Later, in 2016, an international study group in pancreatic surgery (ISGPS) updated the definition and essentially reclassified Grade A pancreatic fistula as a biochemical leak and was no longer referred to as true pancreatic fistula, whereas Grades B and C were grouped as clinically relevant POPF (CR-POPF). [5] In light of this update on pancreatic fistula definition, there is a need to incorporate it in studies reporting on pancreatic fistula.
Furthermore, due to high morbidity and cost related to pancreatic fistula, [6] multiple interventions have been investigated to prevent this complication. [7] These include pharmacological interventions such as role of perioperative octreotides administration, adjuncts to surgical anastomosis such as stenting of anastomosis or use of sealants, surgical techniques, and site of pancreaticoenteric anastomosis. Results of randomized controlled trials comparing pancreaticogastric anastomosis with pancreaticojejunal anastomosis are not consistent, with some trials showing significantly less incidence of POPF in patients who underwent pancreaticogastrostomy, [8, 9] while others failing to detect any significant difference. [10] Pooling of data in reported meta-analysis is also criticized due to variations in inclusion criteria and statistical methodology hence reporting conflicting results. [11, 12] A recent meta-analysis by Crippa et al. compared various techniques of making anastomosis as well along with pancreaticogastrostomy versus pancreaticojejunostomy. [13] However, they used random effect model to estimate their desired parameters; hence, results were not significant.
In addition to postoperative care and surgical technique, certain patient-and disease-related factors predispose someone to the high risk of POPF development. [14] Soft texture of pancreas is an established risk factor for POPF. [15] There has been no meta-analysis to date to compare pancreaticogastrostomy versus pancreaticojejunostomy in patients with intraoperative soft texture of pancreas.
Objectives

Primary objective
• To determine the role of pancreaticogastrostomy compared to pancreaticojejunostomy after PD in prevention of POPF
• To determine the role of pancreaticogastrostomy compared to pancreaticojejunostomy after PD in prevention of POPF in patients with the soft texture of pancreas.
Secondary objective
The secondary objectives of the study were to determine the role of pancreaticogastrostomy compared to pancreaticojejunostomy after PD in prevention of postoperative complications such as biliary fistula, delayed gastric emptying (DGE), hemorrhage, abdominal collections, and mortality.
Methodology
The study protocol was registered at PROSPERO, registration number "CRD42017069361." Meta-analysis was conducted and reported in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
[16]
Eligibility criteria
Inclusion criteria
We conducted a meta-analysis of randomized controlled trials that had compared pancreaticojejunal anastomosis with pancreaticogastric anastomosis after PD, and pancreatic fistula was among the outcome variables. We included all the trials reported in English language till May 31, 2017. There was no restriction to any gender, age, or indication of surgery.
Exclusion criteria
Nonrandomized trials, cohort, case-control, cross-sectional studies were excluded from the study.
Outcomes of interest Primary outcome measure: Postoperative pancreatic fistula
The primary outcome of interest was the occurrence of POPF. Trials conducted before 2005 had labeled POPF according to definitions used at their centers. After standardization of definition POPF in 2005 by ISGPF, [4] most of reported trials looking at POPF as outcome have used this definition. After 2016 modification by ISGPS to reclassify Grade A pancreatic fistula as biochemical leak rather than true pancreatic fistula, and Grade B and C as CR-POPF, [5] recent trials have incorporated this definition. For purpose of our meta-analysis, we divided our outcome into two categories. One was overall occurrence of POPF and the other one was CR-POPF. For overall POPF, we included all the trials irrespective of their definitions of POPF and pooled the data. While for CR-POPF, we included only those trials which had used ISGPF definition to label POPF and we extracted a number of patients who developed Grade B and Grade C POPF only to include in meta-analysis.
We also performed subgroup analysis of patients who were high risk for developing POPF. For this purpose, we extracted a number of patients with soft texture of pancreas in each group along with their fistula rates. The trials which did not have this information, we requested corresponding authors through E-mail to provide relevant data.
Secondary outcome measures
• Secondary outcome measures included biliary fistula, DGE, postpancreatectomy hemorrhage, intra-abdominal collections, and mortality • Definitions of these outcomes varied across trials, and we relied on primary study definitions to identify positive outcome • Mortality was taken as death during index hospitalization or within 30 days of operation wherever reported.
Studies selection process
Two reviewers carried out independent comprehensive systematic literature search in PubMed, Google Scholar, and Cochrane Library. Search terms were selected to identify patient population and intervention which were as follows:
Patient population of interest was those patients undergoing PD for both malignant and benign conditions. We identified "PD," "Whipple," and "Pylorus Preserving PD" as terms to look for studies of our interest.
To identify articles which compared pancreaticogastrostomy with pancreaticojejunostomy, terms "pancreaticogastrostomy OR pancreatogastrostomy OR pancreaticogastr* OR pancreatogastr*" and "pancreaticojejunostomy OR pancreaticojejunostomy OR pancreaticojejun* OR pancreatojejun*" were used.
These two groups of terms were used to search for patient population and intervention of interest. All the articles that came out after combined search of terms in included databases were considered for inclusion in meta-analysis. Duplicates in identified articles through different database searches were identified and excluded. Relevant articles were identified through initial screening of titles. Further scrutiny was done by reading abstracts, and final inclusion was decided after full manuscript reviews. References of included articles were also searched to identify further relevant articles. Final inclusion into meta-analysis was done by consensus of both reviewers. In case of conflict, opinion of the third reviewer was sought.
Data extraction
After identification of studies to be included in the meta-analysis, data were extracted from each article by two authors independently. Same consensus procedure was followed for any conflict as described early for inclusion of studies. Data were extracted on standard data collection sheet. It included variables related to study details such as first author name, year of publication, settings of trial, and country. Patients' demographic information such as gender and age and disease-related information such as underlying pathology were also collected. Data regarding primary and secondary outcomes measures were extracted. In case of missing data, corresponding authors were contacted through E-mail to provide relevant data.
Statistical methods
All statistical analyses were carried out using Review Manager Version 5.3 (The Cochrane Collaboration, Oxford, United Kingdom). [17] Odds ratios (ORs) with 95% confidence intervals (CIs) were used to analyze dichotomous outcome variables. Variability among studies included in the specific analysis was assessed using I 2 values. [18] Any value above 50% indicated substantial heterogeneity in which case random-effect model was used, while in cases, where I 2 value was ≤50%, a fixed-effect model was used.
Risk of bias assessment
Possibility of reporting bias was assessed by making funnel plot for the primary outcome and was evaluated by visual inspection.
Results
Initial search strategy retrieved 1128 studies, of which 332 studies were duplicates. Screening of remaining 796 studies by titles and then by abstracts resulted in 15 studies to be reviewed as a full manuscript. Five articles were excluded at this stage as they did not either have intervention of interest or the outcome of interest. Details are as given in Figure 1 . Ten randomized controlled trials included in the meta-analysis comprised a total of 1629 patients, of which 803 underwent pancreaticojejunostomy, whereas 826 were in the pancreaticogastrostomy group.
Characteristics of included studies
All ten studies included in meta-analysis were randomized controlled trials. Earliest reported trial was from 1995. A number of trial participants ranged from 90 to 329. Details of study characteristics are as shown in Tables 1 and 2 .
Publication bias
Funnel plot as shown in Figure 2 was made to assess the risk of biased reporting. All the dots were within 95% confidence limits, and dots are distributed evenly about the vertical line, indicating low risk of biased reporting. International Journal of Surgery Short Reports ¦ Volume 3 ¦ Issue 1 ¦ January-March 2018
Results of meta-analyses
Postoperative pancreatic fistula All the included studies reported rate of POPF. Overall POPF rate was 21.85% in pancreaticojejunostomy group, whereas it was 16.83% in pancreaticogastrostomy group. Meta-analysis using fixed effect model showed significant difference in favor of pancreaticogastrostomy (OR = 1.39, 95% CI = 0.32-2.45, P = 0.009, I 2 = 10%). Results are as shown in Figure 3 .
Clinically relevant postoperative pancreatic fistula
Seven studies used definition by ISGPF for pancreatic fistula. Information was extracted regarding CR POPF as Grade B and Grade C pancreatic fistula. CR-POPF rate was 19.28% in pancreaticojejunostomy group, whereas it was 12.8% in pancreaticogastrostomy group. Meta-analysis using random-effect model showed insignificant trend in favor of pancreaticogastrostomy (OR = 1.64, 95% CI = 0.92-2.92, P = 0.09, I 2 = 61%). Results are as shown in Figure 4 .
Postoperative pancreatic fistula in patients with soft pancreatic texture Two studies reported rate of POPF separately for patients who had soft pancreatic texture. Authors of other studies were contacted for details of POPF in this subgroup and response was received from three authors. Data were included in the analysis. Overall POPF rate in patients with soft pancreas was 25.4% in pancreaticojejunostomy group, while it was 17.3% in pancreaticogastrostomy group. Meta-analysis using fixed-effect model showed significant difference in favor of pancreaticogastrostomy (OR = 1.71, 95% CI = 1.15-2.53, P = 0.008, I 2 = 27%). Results are as shown in Figure 5 .
Biliary fistula
Five studies reported the incidence of biliary fistula formation. Overall biliary fistula rate was 6.7% in pancreaticojejunostomy group, whereas it was 2.6% in pancreaticogastrostomy group. Meta-analysis using fixed-effect model showed significant difference in favor of pancreaticogastrostomy (OR = 2.52, 95% CI = 1.14-5.67, P = 0.02, I 2 = 38%). Results are as shown in Figure 6 .
Delayed gastric emptying
Eight studies reported rate of DGE. Rate of DGE was 19.7% in pancreaticojejunostomy group, whereas it was 21.7% in pancreaticogastrostomy group. Meta-analysis using random-effect model showed insignificant trend in favor of pancreaticojejunostomy (OR = 0.93, 95% CI = 0.59-1.46, P = 0.75, I 2 = 53%). Results are as shown in Figure 7 .
Intra-abdominal collection
Incidence of intra-abdominal collection was reported by six studies. It was 13.44% in pancreaticojejunostomy group, whereas 10.29% in pancreaticogastrostomy group. Meta-analysis using fixed-effect model showed insignificant trend in favor of pancreaticogastrostomy (OR = 1.41, 95% CI = 0.98-2.03, P = 0.07, I 2 = 49%). Results are as shown in Figure 8 .
Postpancreatectomy hemorrhage
Seven studies reported rate of postpancreatectomy hemorrhage. The rate was 8.16% in pancreaticojejunostomy group, whereas it was 13.46% in pancreaticogastrostomy group. Meta-analysis using fixed-effect model showed significant difference in favor of pancreaticojejunostomy (OR = 0.59, 95% CI = 0.4-0.85, P = 0.005, I 2 = 0%). Results are as shown in Figure 9 .
Postoperative mortality
Postoperative mortality was reported in eight studies. It was mortality during index hospitalization in most of the included studies except Topal et al., who reported 60-day mortality. Overall mortality rate was 4.6% in 
PG (SD/IQR)
El Nakeeb et al. [19] 2014 Egypt Single centre 45 45 90 20 (44) 26 (58) 27 (60) 23 (51) 54 15-73 58 12-73 Grendar et al. [10] 2015 Canada Single centre 50 48 98 NR NR 29 (58) 20 (42) 68 11 64 13 Fernández-Cruz et al. [20] 2008 Spain Single centre 55 53 108 28 (51) 26 (49) 38 (69) 29 (55) 63 14 63 13 Wellner et al. [21] 2012 GermanySingle centre 57 59 116 30 (53) 26 (44) [9] 2013 Spain Two centres 58 65 123 29 (50) 33 (51) 37 (64) 44 (68) 66 42-80 67 35-80 Yeo et al. [2] 1995 USA Single centre 72 73 145 40 (56) 40 (55) 38 (53) 33 (45) 62 1 62 1.7 Duffas et al. [22] 2005 France Multi centric 68 81 149 25 (37) 34 (42) [8] 2013 Belgium Multi centric 167 162 329 107 (64) 98 (60) 91 (54)100 (62) per ISGPF definition PJ, n (%) PG, n (%) PJ, n (%) PG, n (%) PJ, n (%) PG, n (%) PJ, n (%) PG, n (%) PJ, n (%) PG, n (%) Nakeeb AE et al.
22 (49) pancreaticojejunostomy group, whereas it was 5.01% in pancreaticogastrostomy group. Meta-analysis using fixed effect model showed insignificant trend in favor of pancreaticojejunostomy (OR = 0.96, 95% CI = 0.58-1.57, P = 0.86, I 2 = 0%). Results are as shown in Figure 10 .
Discussion
This meta-analysis has shown no difference in the occurrence of CR-POPF after pancreaticogastrostomy as compared to pancreaticojejunostomy. This is similar to the results from meta-analysis by Crippa et al., [13] but contradictory to other meta-analyses reported before that which showed results in favor of pancreaticogastrostomy. A recent multicentric randomized controlled trial by Keck et al. [24] is the largest trial reported as yet including a total of 171 patients. Results of this trial showed that pancreaticogastrostomy is comparable to pancreaticojejunostomy so far as POPF is concerned. Inclusion of this trial in meta-analysis has contributed 23.4% weightage to the results. Although overall results are insignificant, the trend is in favor of pancreaticogastrostomy.
Contrary to that, meta-analysis of occurrence of POPF in patients with soft pancreatic texture showed significantly low risk after pancreaticogastrostomy as compared to pancreaticojejunostomy. This is first meta-analysis to report on a comparison of pancreaticogastrostomy with pancreaticojejunostomy in high-risk patients' population. It has been proposed that lack of enterokinase and acidic environment in stomach inactivates pancreatic enzymes, which along with good blood supply of stomach may have a role to play in reducing the risk of anastomotic leak.
[25] While potential of anastomotic leak is reduced by pancreaticogastrostomy, especially in patients with soft pancreas, long-term exocrine and endocrine functions are compromised more in these patients as compared to those who underwent pancreaticojejunostomy. [26] Furthermore, the risk of digestive tract bleeding is also more after pancreaticogastrostomy, which is reported by other meta-analyses as well.
[27] Despite uniformity of definition of POPF for comparison across studies, surgical technique of doing pancreaticoenteric anastomosis remains variable and largely depends on surgeons' training and experience of doing one type of anastomosis. Uncommon variations of techniques were also compared in some trials. For example, El Nakeeb et al. [19] compared isolated Roux loop pancreaticojejunostomy to pancreaticogastrostomy, while Fernández-Cruz et al. [20] compared pancreaticogastrostomy with a gastric partition to pancreaticojejunostomy. These individual trial variations can impact the results.
Conclusion
Although there is no difference in pancreaticogastrostomy as compared to pancreaticojejunostomy after PD to prevent CR POPF, in a subgroup of high-risk patients with soft pancreatic texture pancreaticogastrostomy has favorable results. Digestive tract bleeding is more common after pancreaticogastrostomy. There is no difference in DGE, intra-abdominal collections, and mortality.
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